Anterior cruciate ligament (ACL) tears are commonly seen in orthopedic practice, and usually restoration is recommended to re-establish normal knee function. Autografts and allografts are viable options. Among autografts the main sources are the patellar tendon, the hamstrings and the quadriceps tendon, each having advantages and drawbacks. Many factors should be taken into consideration when deciding on a graft source for ACL restoration; however, clinical data may aid the surgeon in choosing the right graft for every specific patient in an individualized manner. This short review is intended to highlight the main characteristics and clinical data for each type of autograft.
Anterior cruciate ligament (ACL) tears are commonly seen in orthopedic practice among patients involved in different sports activities, and usually, ACL restoration is recommended to re-establish normal knee function. Autografts are very frequently used for the reconstruction, and the most commonly used are the bone-patellar tendon-bone (BTB) and the four-strand hamstring tendons (HT) grafts. 1, 2 Of these two, in terms of clinical results, there is no clear evidence of one's superiority over the other, at least not with a clear significance. [3] [4] [5] However, with regard to graft-associated morbidity, HT are recognized as providing less donor site morbidity compared to BTB grafts. [6] [7] [8] Recently, there has been an increase in interest in the quadriceps tendon (QT) as an autologous graft option for ACL restoration.
In terms of strength and stiffness, the native ACL resists at a maximum tensile load of about 2150 N and has a stiffness of around 240 N/mm. 9 A 10 mm BTB graft has been found to resist to tensile loads of up to 2977 N, with a stiffness of ORTHOPEDICS // ARTHROSCOPIC SURGERY about 620 N/mm. 10 A 4-strand HT graft has a tensile load of up to 4000 N, with a stiffness of about 750 N/mm. 11 For the quadriceps tendon graft with a 10 mm diameter the numbers are similar with the BTB graft, having a maximum tensile load of about 2150 N, with a stiffness of about 460 N/mm. 12 In terms of graft incorporation times, the BTB autograft has the fastest rate of incorporation in the tunnels with the bone-to-bone interface, about 6 weeks, this being one of the most important advantages of this graft. The hamstring graft has an incorporation time of about 12 weeks, and the quadriceps graft takes about 6 to 12 weeks to integrate in the tunnels.
Donor site morbidity is another important aspect to consider when deciding on a graft for ACL restoration. In general, the patellar tendon graft is recognized as the graft with the highest harvest site morbidity including anterior knee pain, kneeling pain, and patellar fracture. 13 Some of these complications can be reduced with different techniques of harvesting the graft. 14 HT grafts are described as being the least morbid graft option for ACL reconstruction. However, disruption of the infra-patellar branch of the saphenous nerve, premature amputation of the graft, and other complications related to harvest have been described. One important drawback of this graft is the inconsistent size and the inability to measure it preoperatively on the MRI. Another disadvantage is the loss of power in knee flexion, which can be significant in certain sports activities. 15 The quadriceps graft is the least studied option for ACL reconstruction, but it seems to have a low morbidity. If used as a free-bone plug graft, the risk of patella fracture is eliminated. 16 Compared to harvest-related pain, it seems to be even less painful than HT. 17 Other advantages reported with the quadriceps graft are predictable size, great versatility, and the ability to harvest grafts in different widths, thicknesses, and lengths, both for single-and double-bundle techniques. 18, 19 With regard to clinical results, a large amount of data exists comparing BTB and HT. In a meta-analysis by Poolman et al. (2007) , they showed reduced morbidity using a HT autograft for ACL reconstruction. The authors stated that the recent endobutton hamstring graft fixation method (2 studies) showed comparable stability to BTB grafts in the Lachman test. 20 In another meta-analysis by Biau et al. that included 6 randomized clinical trials in which 423 subjects with symptomatic unilateral ACL damage were randomly assigned to reconstruction with patellar tendon or HT autograft, postoperative knee instability was less common after ACL restoration with patellar tendon autograft than with HT autograft. 21 The difference was noted especially in case of the pivot-shift and for females and younger patients. Reinhardt et al. showed in a systematic review a lower graft failure rate for BTB than for HT (7.2% vs. 15.8% respectively, p = 0.02). 22 Magnussen et al. showed in a systematic review lower graft failure rates for BTB compared to HT, but without statistical significance. 6 There was no difference in patient-reported outcomes (International Knee Documentation Committee, IKDC). Anterior knee pain and kneeling pain were higher for BTB. More recently, in 2015, Xie et al. showed no difference in re-tear rate between the patellar tendon and hamstrings, and no difference for patient-reported outcome measures. However, reconstruction with patellar tendon graft resulted in better rotational stability and return to pre-injury level of activity. Again, anterior knee pain and kneeling pain were greater for BTB. 3 Also, some registry studies show a higher overall risk of revision in patients with HT graft compared to BTB graft. 23 When looking at the quadriceps graft, there is little published data compared to the other mentioned grafts. Lund et al. did not find any differences in anterior knee pain and functional outcomes in a prospective randomized trial comparing the QT with the patellar tendon. However, knee walking pain was significantly less in case of the QT compared to BTB. 24 A systematic review by Slone et al. in 2014 showed no difference for stability, range of motion, functional outcomes, and complications between the quadriceps graft and BTB. Also, less donor site morbidity was found in case of QT. 25 An interesting study by Ma et al. that aimed to study the differences associated with graft maturity on magnetic resonance imaging, found that graft maturity was better at 6 months following ACL reconstruction with QT compared to HT autograft. 26 
CoNCLUsIoNs
In conclusion, autografts for ACL reconstruction provide similar functional outcomes. Bone-to-bone grafts are associated with higher rates of extension deficits, anterior knee pain, and kneeling pain, but have faster incorporation in the tunnels.
Hamstring grafts show slightly higher failure rates, especially when they are less than 8 mm in diameter; however, this could theoretically be managed by technical aspects such as the 5-6 strands grafts. Also, there is the concern of losing deep flexion strength, which may be important, especially in some specific sports.
Quadriceps tendons seem to be very versatile grafts. In general, the results are similar with BTB, but with less donor site morbidity.
Many factors should be taken into consideration when choosing a graft source for ACL reconstruction, including the surgeon's experience, tissue availability, and the patient's option and degree of activity. Based on the available data, BTB may be recommended especially for hyper-mobile patients and young, highly active patients with closed growth plates. HT may be recommended for patients with activities that require frequent kneeling and for skeletally immature patients, and the QT graft for hypermobile, highly active or female patients, and for knee flexion athletes with kneeling requirements.
